The structure-function relationship in group V of C-type animal lectins remains incompletely understood despite the new structures of NK (natural killer) cell receptors that have been solved recently. Recombinant, soluble forms of rat and human NKR-P1 and CD69 that we obtained after in vitro refolding were analysed by Fourier transform-ion cyclotron resonance MS and heteronuclear NMR ( 1 H-15 N correlation). In NKR-P1, calcium may not be removed by chelating agents because of the very high affinity of binding. In CD69, incorporation of calcium causes a structural shift in several amino acids important for the interaction with carbohydrates. Structural studies have also allowed us to understand an interesting preference of these receptors for either linear (NKR-P1) or branched (CD69) carbohydrate sequences.
Introduction
Lectin-type receptors of the C-type lectin family are important antigens at the surface of immune cells. Recently, special attention has been paid to molecules classified as group V of calcium-dependent animal lectins because of their crucial role in the regulation of NK (natural killer) cells. Although research on the inhibitory receptors necessary to keep NK cells under control has made good progress, investigations on the activation receptors have lagged behind. This is somewhat surprising since studies of these receptors are crucial from the point of view of tumour immunotherapies [1, 2] and general (non-specific) stimulation of the immune system.
New structural paradigms in group V of C-type animal lectins
A considerable evolutionary divergence of the group V from the classical calcium-dependent animal lectins has resulted in new variations of the basic structural fold accommodating new ligands for these receptors. Inhibitory NK cell receptors such as Ly-49A [3] or CD94 [4] remodelled their ligand-binding loops considerably to recognize their specific inhibitory ligands, MHC class I glycoproteins. Similarly, NKG2D developed a remarkable plasticity in its ligandbinding surface that allows it to bind stress-induced proteins as the specific ligands [5] .
Two NK cell activation receptors studied in our laboratory, rat NKR-P1 and human CD69, are unique for their high affinities for the classical ligands of C-type lectins, calcium and carbohydrates. Calcium has very high affinity for the rat NKR-P1, which makes it resistant to removal by chelating agents [6] . In human CD69, a close-up of the binding site for calcium results in structural changes that are essential for the formation of the high-affinity carbohydrate-binding site [7] . Carbohydrates interact with the above proteins over an extensive surface area, but the nature of the oligosaccharidebinding sites is unique for individual receptors. In rat NKR-P1, a binding groove exists that accommodates well the linear oligosaccharides but not branched oligosaccharides [8] . On the other hand, the sugar-binding sites in human CD69 are placed at three distinct locations [7] , predicting the preference for branched structures.
New results with rat CD69
To evaluate the validity of the above findings in both rats and humans (two key organisms in which the NK cell receptors have been studied), we initiated structural studies of rat CD69. Using a bacterial expression construct in which the membrane-proximal dimerization cysteine residue has been omitted ( Figure 1A ), we produced a very stable, pure monomeric rat CD69 suitable for structural and ligandidentification studies. The presence of three disulphide bonds in the protein has been proven by Fourier transform-ion cyclotron resonance MS ( Figure 1B) . This protein has a stable fold as shown by a spread of the signals in the 1 H-15 N NMR correlation spectrum ( Figure 1C) . The exact threedimensional structure of this protein is being solved by a combination of protein crystallography ( Figure 1D ) and 13 C-15 N NMR correlation experiments using the doublelabelled ( 15 N/ 13 C) protein. Rat CD69 binds 1 mol of calcium per mol of protein with an affinity very similar to human CD69, despite the mutation in one of the calcium-chelating amino acids (Figure 2A ; [7] ). GlcNAc, which is the best ligand among the monosaccharides, binds to three sites in the protein with micromolar affinity ( Figure 2B ). The oligosaccharide specificity of rat CD69 
is again very similar to that of its human orthologue: linear oligosaccharides of the chito-oligomer series are not good ligands, whereas the branched oligosaccharides are very-highaffinity ligands with IC 50 as low as 10 −10 M ( Figure 2C ).
Conclusions
Our recent studies revealed the exclusive specificity of lectintype activation receptors of NK cells for oligosaccharide structures, linear or branched. Our results with rat CD69 support its similarity to the human orthologue with regard to binding of calcium and carbohydrates. Structural investigations of other activation receptors coded by individual genes in the NK gene complex will be important to reveal both natural ligands and their synthetic mimetics. The roles of these substances as anti-tumour and immunoactivating compounds are being evaluated [2] .
